For a university service learning educational research project addressing Legionnaires' disease (LD), a Yes/No questionnaire on community awareness of LD was developed and distributed in an urban community in North Carolina, USA. The 456 questionnaires completed by the participants were sorted into yes and no sets based on responses obtained to the first question on whether the participant has heard of LD, and 194 participants (~43%) answered in the affirmative. For the other nine questions the yes response percentages ranged from 16% -68%. Using   analysis, the study showed that the age of the participant was a major factor in enhancing awareness of LD, whereas education was a minor factor at best. Differences in responses among the age groups were strongly significant (<0.005) for general LD awareness, knowledge of its causes and prevalence, as well as body systems affected, prevention and treatment. Significance at the lower level of  <0.05 was observed among the different age groups on knowledge of exposure to LD through inhalation of contaminated air (Q5). In fact Q5 was the only question for which the responses of pre-university and university groups varied significantly ( <0.05). Interest among the participants in learning more about LD (68%) was higher than in attending a university seminar on the topic (54%). This study provided many educational opportunities to the students to enhance and apply their data analysis skills and to intensify several aspects of their knowledge acquisition and communication skills. Fostering the active involvement of students in an educational activity that can set the stage for an innovative university-community partnership on enhancing awareness of the preventable environmental disease LD is of benefit to all stakeholders.
Introduction
A fatal outbreak of pneumonia associated with the 1976 American Legion convention held at the Bellevue Hotel in Philadelphia, Pennsylvania, USA, introduced the research and clinical communities to the new Legionella species of bacteria and Legionnaires' disease (LD), both named after that tragic moment in time. Fraser et al. (1977) provided an early and comprehensive description of the discovery and major environmental and epidemiological features of Legionella and LD, such as the airborne spread of the bacterium, impact on people present only within close proximity to the contaminated source, lack of person-to-person spread, and possible immunity among people previously exposed to low titers of the bacterium. Several subsequent LD outbreaks in the US and worldwide took place between 1977 and Fields (1999) proposed alternative types of disinfection of municipal water sources that could be more effective than chlorination. Such studies underscore the importance of multidisciplinary approaches (Dunn et al., 2007) to this major environmental exposureenvironmental health relationship.
Since the aim of the study presented here was to involve students in assessing community awareness of LD, and since the course project was included in a biology course titled "Environmental Problems", the students went through a variety of pedagogical exercises in the classroom and were engaged in many experiential opportunities in the community, both of which were of major educational value. The students, who were also instructed and guided through the various steps of developing and administering a scientific survey to community participants, used their acquired course knowledge of the topic and their computer skills to become an essential part of a productive dialogue between the university campus and the community. This effort to enhance community awareness of LD represents a novel academic and experiential approach to confront an environmental disease that, despite being not too prevalent and preventable, may still be fatal if ignored.
Methods
In the questionnaire, shown in the Appendix, the questions (Q1-Q10) proceeded from asking whether the participant has heard of LD (Q1) to its causes (Q2), and prevalence (Q3). Assessing awareness of possible personal risk (Q4) perhaps due to inhalation of contaminated air (Q5) represents the introduction to the more intensive environmental health and toxicology questions (Q6-Q8). Knowledge of the body organs most affected by the infections (Q6), precaution and prevention (Q7), and possible treatment (Q8) followed. The final two questions were on the participants' interest in acquiring additional information on LD (Q9) and whether this acquisition can be in the form of a university seminar (Q10).
The preparation, distribution and administration of the questionnaire, as well as the experimental procedure followed were as described in the preceding paper by the author in this journal on assessing community awareness to childhood lead poisoning (Abu-Shakra & Saliim, 2012) . Briefly, the experimental approach involved an initial phase of compiling the collected questionnaires (a total of 456), and then dividing them into two categories based on the responses given to Q1. After this step, the questionnaires went into two groups: The "Y group" in which samples were given the Y prefix followed by the sample number (Y001 -Y194), and the "N group" in which samples were given the N prefix followed by the sample number (N001 -N262). The "Yes" answer to each question was given a value of 1, and the "No" answer was given a value of 0. On each questionnaire, in addition to answering the 10 Yes/No questions, the participant as also asked to circle his/her age range (18-20, 20-30, 30 to 40 or >40) and educational level (secondary, high school, or university). Not providing one or both of these demographic data did not preclude the questionnaire from the study as a whole but only from sections that analyzed the impact of age and/or education as described below.
As shown by Abu-Shakra and Saliim (2012), the prefix devised for the samples that lacked both age and educational level information was "na" followed by the sample number. For the samples that had the age but not the educational level the prefix was "nae" followed by the numeral corresponding to the age group and then the sample number, e.g. nae2N055. The samples that had the educational level, but not the age, had the prefix of the corresponding education level, as shown above, followed by "naa", e.g. bnaaY136. Statistics on the data was conducted using the Chi square analysis.
Results
The Y group (194) samples were tallied for "Yes" responses to the rest of the nine questions, which were in decreasing order (after Q1=194): Q9 (141); Q5 (130); Q10 (115); Q2 (103); Q3 (96); Q6 (94); Q4 (93); Q7 (78); Q8 (70), as shown in Table 1 . It was of interest that among the participants who have heard of LD the majority needed to know more based on the questions posed in this study (Q9). Among the science-based questions, Q5 received the highest number of yes responses (130 or 67%), although the knowledge of the link between the disease and the inhalation of contaminated air did not extend to knowledge of body organs affected, causes, prevention and treatment, which were at ~50% level. Interestingly, in the N group (n=262), Q5 was also the question that received the most Yes responses (74 ;  Table 1 ) among the science-based questions. In fact when "Yes" responses for all 456 samples were compiled, Q5 had the highest number overall (204/456 which was ~45%; Table 2 ). Less than one quarter of the participant knew the body organs affected, or the prevention and treatment of this disease. The cumulative responses for Q9 (68%) and Q10 (54%) showed that the participants wished to receive more information and, to a slightly lower extent, to receive it as a university seminar (Table 2) . Table 3 lists the samples where participants answered all the 10 questions but chose not to provide the education level (nae; 34 samples); the age (naa; 1 sample), or both (na: 24 samples). These samples were included in the cumulative Table 4 that showed in a grid format the Yes/No response breakdown for each of the education sub-total (n=398 samples), the age sub-total (n=431 samples) and the total number of samples (n=456). bnaaY136 Note: The nae prefix was used for the samples that lacked the education information but included age (a total of 34 samples), the naa prefix was used for the samples that lacked age but included the education information (one sample), and the na prefix was used for the samples that lacked both age and education information (a total of 24 samples).
Most of the participants (176) came from the 20-30 years range. The distribution and percentages for all four age groups of the participants in the study are shown in Table 5 . Among the education levels groups, most of the participants (255) came from the university-level group. The distribution and percentages for the three education groups are shown in Table 6 . Table 7 shows the impact of age on the responses given to the 10 questions. Using  2 statistical analysis, the yes responses to questions Q1, Q2, Q3, Q5 Q6, Q7 and Q8 were shown to be significantly different among the age ranges in the study. Table 8 shows the impact of education level on the yes responses given to the 10 questions. Because the number of participants was extremely low for secondary education, that group was combined with the high school group under the description of pre-university. The only significant difference in responses between the pre-university and university group was observed with question Q5.
Discussion
The service learning educational research project presented here aimed to shed light on the level of awareness in an urban community in North Carolina, USA of LD. Questions Q6 through Q8, which addressed clinically-significant specifics about LD awareness, such as the body systems impacted most by LD as well as its prevention and treatment, were positioned in the questionnaire just ahead of the education-related (Q9) and service-related (Q10) questions that aimed to gauge the community's readiness to learn more about this serious, albeit not too prevalent, environmental disease. The results obtained indicated that 68% of the participants wished to learn more about LD. Since the main focus of any service learning project is to address a community need, this study succeeded in identifying a community need that a possible university-community partnership can address. Based on the responses to Q10, the planning of any educational effort to enhance the community awareness of LD would include a university seminar on the topic (selected by 54% of the participants). In addition, future efforts in addressing the local community need can include an "environmental problem prevention day" during which information can be provided to the community on LD alongside major environmental health concerns such as childhood lead poisoning (Abu-Shakra & Saliim, 2012) and others. The students can contribute via short presentations, brochures, scientific demonstrations, as well as moderating informal discussions. The educational activities can take place in a community venue in order to provide an informal setting for the participants. The responses to Q4 on whether a participant believed he or she were at risk of LD were of major interest and concern. Among the participants who belonged to the Y group, and therefore were aware of LD, 93 out of 194 believed that they may be at risk of contracting LD, whereas 101 did not, which showed an even split among the participants. In contrast, among the N group, who stated that they have not heard of LD, 62 participants only believed they could be at risk, whereas 196 (more than 3-fold) believed they were not. It is this particular last group that needs most to receive education on LD. In addition, for Q4, the "Yes" responses across age groups and educational levels were in the 27%-40%, and did not show any significant statistical variation (Tables 7 & 8) . Because the environmental problem of LD seems to attract the general population's attention only when an outbreak strikes or when a cluster is identified, it would be understandable that the majority of the participants in this study did not believe to be at risk themselves of LD. As was observed by Abu-Shakra & Saliim (2012) in their study on childhood lead poisoning, the largest number of participants in the LD study also came from the university-level group. The main difference between the two studies, however, was the finding that the education level of the participant, which had a significant impact on lead poisoning awareness, had minimal to no impact on LD awareness. It was the age of the participant, especially being at or above 40 years of age, that seemed to furnish consistent and, to a certain extent, sophisticated level of knowledge of LD. It would be safe to conclude that individuals who were born in the 1960s or before may have learned about LD from the strong media coverage in 1976 of the then emerging fatal pneumonia outbreak at American Legion convention in Philadelphia, USA (Fraser et al., 1977) . Another assumption could be based on the likelihood that among the middle aged population there may exist heightened awareness of a variety of diseases known to be more prevalent among the older population, of which LD is an example.
Abu-Shakra & Saliim (2012) discussed limitations to their study on lead poisoning awareness that could be extrapolated to other questionnaire-based studies such as the one presented here. Categorizing such limitations can be as follows: (a) questionnaire content-related, e.g. the type of questions asked or demographics targeted, (b) questionnaire administration-related, e.g. sites of distribution, and (c) questionnaire-format related, e.g. language or length. The third limitation, relating to the impact of the chosen language of the questionnaire applies more in this study than the former two on content and administration. In future studies, in order to ensure optimal community representation in the survey, community participants representing the ethnic spectrum will be able to choose between questionnaires prepared in English or Spanish.
The educational impact of this study was observed at many levels. The students learned the science behind LD through the traditional didactic avenues as well as through assignments, namely student-initiated computer-based research on the many health and environmental aspects of LD. Brochures on LD prepared by a previous class were shared with the students for evaluation and assessment. It was of major importance to have the students reach a high level of knowledge on LD before their visits to community venues to distribute the questionnaires. In classroom reflections, students reported situations in which they were asked several thorough questions on LD by the participants after completing the questionnaire. Heightened commitment to the project and the course was reported by the students, and observed by the professor, during enthusiastic class discussions as well as through effective team work.
On the experiential front, the students exhibited a respectful appreciation to being exposed firsthand to the "town-gown divide". Studies such as the one presented here as well as the study by Abu-Shakra & Saliim (2012) empowered the students to play a role in the university-community dialogue, and allowed them to contribute to the bridging that divide.
In conclusion, although LD is not a prevalent environmental disease, it remains a serious and possibly fatal disease if ignored. Therefore, enhancing awareness of LD can be extremely beneficial to those in the community who may one day get exposed to Legionella pneumophila occupationally or environmentally, on home ground or on a cruise ship, in a country club or on a farm. In other words, LD can impact any member of the community who happens to be in the vicinity of an outbreak. This feature of the disease underscores the need for education and enhanced awareness of its prevention, symptoms, and prompt treatment. 
